An investigation of a possible single-source sexual transmission case was conducted in upstate New York in 1997-1998 (MMWR 1999;48:413-416). Of 42 primary female contacts with the putative male index case, 13 tested positive for HIV infection. Blood was available for DNA sequencing (C2V3C3 region of the env gene and the p17-coding region of gag) from 10 of the 13 women, 1 HIV-infected secondary contact, and 2 HIVinfected persons from the community, but not from the index case. Phylogenetic and distance analyses were performed with the inclusion of reference HIV subtype strains for both the env and gag gene regions, as well as the two regions combined. A high degree of relatedness was found among DNA sequences of the 10 primary contacts that excluded reference strains, the secondary contact, and the community HIV control subjects. In conclusion, phylogenetic analysis of HIV strains in an epidemiologic investigation is highly useful in support of cluster identification, even without sampling from the putative index patient.
M
OLECULAR ANALYSIS of nucleotide sequences has been used throughout the current AIDS pandemic in attempts to clarify transmission patterns of human immunodeficiency virus type 1 (HIV-1). 1 Phylogenetic techniques, in particular, have been utilized in the analysis of viruses from epidemiologically linked persons to study the evolution of HIV quasispecies in different hosts infected from a common source 2 and patterns of virus transmission among different risk groups. 3 In addition, these techniques have been extensively employed in investigations of alleged person-to-person transmission of HIV, or transmission within social networks. Several such studies involved HIV transmission from health care professionals to their patient(s). [4] [5] [6] The first such case followed the report of five persons found to be HIV infected with no identifiable risk of transmission other than having invasive dental procedures from the same dentist. 4 Genetic and phylogenetic analysis demonstrated a strong relatedness among the HIV sequences from the dentist and his patients, whereas close sequence similarities were not observed among HIV strains from persons within the community (local control subjects). Conversely, two cases 5, 6 established a lack of transmission from health care professionals to their patient(s). An epidemiologic and molecular investigation following the report of a patient becoming HIV infected following surgery, traced the source of the patient's infection to a contaminated batch of blood used during surgery, 5 and not to the HIV-infected surgeon, while a second study found no evidence for transmission between a second HIV-infected dentist and his patients. 6 Transmissions within household settings have also been confirmed by these molecular techniques. 7, 8 Phylogenetic analysis has been accepted as evidence in a court of law for use in forensic investigations, 9,10 such as confirming the identity of the perpetrator in rape cases, 11 or in cases of intentional HIV infection. 9, 12 While each case used different phylogenetic algorithms and programs to analyze HIV sequences, the usefulness of the methodologies was established for helping to ascertain the linkage between viral sequences in support of a thorough epidemiologic investigation.
This study used genetic and phylogenetic methodologies of analysis to support an investigation of a possible single source transmission cluster among HIV-infected young women in a 
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rural county of New York, who reported sexual contact with the same HIV-infected man in 1997-1998. 13 Of 42 primary female contacts with the putative male index case, who were tested for HIV infection at health service clinics in Chautauqua County, New York, 13 tested HIV positive. 13 Blood samples were available from 10 of the 13 HIV-infected primary contacts. From 84 secondary contacts (male sex partners of the 13 HIV-infected primary contacts) identified, 1 of 50 tested had HIV infection 13 and a blood sample was available for further analysis. In addition, blood samples were collected from two HIV-infected persons from the community who were not epidemiologically related to the cluster. All available blood specimens from the consenting persons were sent to the Centers for Disease Control and Prevention (CDC, Atlanta, GA) for DNA extraction, polymerase chain reaction (PCR) amplification, DNA sequencing, and genetic analysis. DNA was extracted from peripheral blood mononuclear cell (PBMC) preparations, 14 and the C2V3C3 region of env and p17 of gag were amplified from HIV DNA as described previously. 14 The PCRamplified products were purified with PCR purification kits (Qiagen, Chatsworth, CA). Purified DNA was sequenced with an ABI PRISM BigDye terminator cycle sequencing ready reaction kit (Applied Biosystems, Foster City, CA). Sequencing primers were various combinations of nested PCR primers. 14 The HIV regions sequenced included the C2V3C3 region (345 nucleotides) of env and the p17-coding region (396 nucleotides) of gag, both regions commonly used for phylogenetic analysis and comparisons of HIV strains in transmission cases. Sequences were edited with Sequencher Software version 3.1 (Gene Codes, Madison, WI) and aligned with the Se-Al sequence alignment editor, version 1.0. 15 HIV sequences from the 10 primary contacts (A.NY-J.NY), 2 community controls (C.ctrl 1 and C.ctrl 2), and 1 secondary contact (2nd NY) were aligned with the corresponding C2V3C3 and p17 gene regions of unrelated U.S. subtype B strains (US1-US9) (collected in 1998 for a CDC surveillance project; our unpublished data) and HIV database subtype B references (HXB2 and RF). All three types of analysis (nucleotide distance comparison, amino acid similarity, and phylogenetic reconstruction) were performed with merged C2V3C3 and p17 sequences, a method previously shown 16 to increase the performance of phylogenetic methods, as compared with using each region separately. 18 ), neighbor-joining methodology implemented in PAUP*. 19 To assess consistency of results between gene regions and to evaluate possible contamination, phylogenetic trees were also drawn separately for the C2V3C3 and p17 sequence data. Nucleotide differences were scored by measuring the pairwise distance differences (pairwise distance equals total number of nucleotide differences divided by the number of nucleotides compared) of the merged HIV p17/C2V3C3 sequence regions of the primary contact viral sequences (A.NY-J.NY) as one group, versus the HIV strains of the nine U.S. unrelated strains, the two community control subjects, one secondary contact, and two HIV database sequences as another group. Nucleotide distances and construction of the amino acid alignment were both performed with MEGA, version 2. 20 The mean distance of the A.NY-J.NY group was 0.023 (SD 5 0.006, range 5 0.009-0.03), whereas the control group had a mean distance of 0.103 (SD 5 0.015, range 5 0.067-0.13). The distances between the control and A.NY-J.NY groups were significantly separate (p # 0.001). This would indicate that the HIV sequences from the primary contacts were more similar as a group, as defined by nucleotide distance, than the other sequences used in this analysis.
An amino acid alignment of the translated p17 and C2V3C3 nucleotide sequences is depicted in Fig. 1 . Amino acids in the two positions are unique to the A.NY-J.NY group and amino acids in two other positions are unique for 9 of the 10 sequences in the A.NY-J.NY group. In addition, there are five positions with unique amino acids in the A.NY-J.NY group, also shared with one other U.S. strain. Taken together, these amino acid similarities suggest a commonality within the A.NY-J.NY group, as compared with the other strains, which lack any pattern of unique amino acids.
The more definitive and powerful method of phylogenetic tree construction for estimating the sequence relationships is presented in Fig. 2 . The tree was implemented from the nucleotide alignment containing both p17 and C2V3C3 gene sequences and depicts a strong (100% bootstrap support) clustering of the primary contacts to the exclusion of the other sequences in the alignment (Fig. 2) . The primary contact group displays a large relative distance to the nearest sequence (US5) in the tree and has comparatively short branch lengths within the cluster, consistent with the similarity and lower amount of nucleotide distance among the group observed in the distance and amino acid alignment comparisons. Similar topologies and bootstrap supports were observed for phylogenetic trees constructed separately for the p17 and C2V3C3 sequences (data not shown). In addition, the 24 strains used in the study were previously determined to be subtype B, by phylogenetic analysis using reference strains representing all the known HIV subtypes (data not shown).
Extensive epidemiological investigation was involved in the examination of a report of an outbreak of HIV infections among young women living in a low-prevalence area of rural New York. 13 During independent interviews, 13 HIV-infected women reported having sexual contact with the same man, who was also HIV positive. To our knowledge, this is the first time that genetic analysis of HIV sequences was used in support of a possible transmission cluster from a common source of infection, despite the lack of HIV DNA from the putative index case. Our analysis implies that the young women within this social network were infected with similar viruses, suggestive of a single source for their HIV infections. Because HIV continues to evolve over the course of infection, sampling many years after a transmission event may be problematic for accurate genetic reconstruction of transmission histories. 21 Blood samples were collected within 1 year of the probable infection date from the 10 primary contacts included in this analysis. Therefore, the viral strains within each of the women had limited time to diverge and, as we found, the DNA sequences from the primary contacts were closely related to each other by pairwise distance comparisons and phylogenetic analysis.
In conclusion, the molecular analysis performed in this study strongly supported the epidemiological linkage among the primary contacts as having a common source of their HIV infections. Analysis based on distance and phylogenetic comparisons has proven to be highly useful in support of HIV cluster identification, even without sampling from a putative index patient.
SEQUENCE DATA
The nucleotide sequence data for the C2V3C3 region of env and the p17-coding region of gag were deposited in the GenBank nucleotide sequence database under the following accession numbers: AY098596-AY098621.
